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ESD PROTECTION CIRCUIT AND METHOD
OF MAKING THE SAME

TECHNICAL FIELD

The present disclosure relates to protection circuits in
semiconductor devices. In particular, the present disclosure
relates to electrostatic discharge (ESD) circuits for high
voltage semiconductor devices.

BACKGROUND

Bipolar complementary metal oxide semiconductor-
double diffused metal oxide semiconductor (BCD) 1s a
technology for power integrated circuits (ICs). BCD com-
bines different process technologies onto a single chip:
bipolar for precise analog functions, CMOS for digital
design, and DMOS {for power and high-voltage elements.
BCD addresses a broad range of products and applications
in the fields of power management, analog data acquisition
and power actuators. BCD technology 1s widely used for
various applications and requires the several logic compo-
nents to 1implement numerous power management utilities.
These demands require the guarantees of ESD protection.

A p-type (P+) 1solated gate-grounded N-channel metal
oxide semiconductor (PI-GGNMOS) with a deep current
path has been developed to improve the holding voltage (V)
of a low voltage (LV) ESD protection device. The LV ESD
protection device has a P+ stud implant between the source
and the channel and the P+ stud implant abuts to the n-type
(N+) source implant. However, this LV ESD design 1s not
applicable to a lateral diflused (LLD) transistor such as a LD
metal oxide semiconductor (LDMOS) transistor which
requires modulation of V, and triggering voltage (V).

A need therefore exists for methodology enabling
improved V, and V,, in LDMOS or GGNMOS transistors

with ESD performance and the resulting device.

SUMMARY

An aspect of the present disclosure 1s to provide a high V,
that fits an ESD design window. Another aspect of the
present disclosure 1s to efliciently control/scale (V) without
compromising the device area with low turn-on resistance
(R_,) and high failure current GO. With the addition of a P+
implant embedded 1n a source region and spaced away from
the N+ implants 1n the source region, the present disclosure
allows for eflicient adjustment of V, and V_, to meet ESD
design window targets without area or current density pen-
alties. No additional masks are required and reverse protec-
tion capability (1.e., body-drain diode) 1s maintained. The
latchup-iree ESD protection circuits of the present disclo-
sure provide high V, that fit the ESD design window. The
targeted high voltage devices for the present disclosure have
voltages between 20 volt (V) to 30 V and beyond.

Additional aspects and other features of the present dis-
closure will be set forth 1n the description which follows and
in part will be apparent to those having ordinary skill in the
art upon examination of the following or may be learned
from the practice of the present disclosure. The advantages
of the present disclosure may be realized and obtained as
particularly pointed out 1n the appended claims.

According to the present disclosure, some technical
cllects may be achieved in part by a device including a
substrate including a device region with an ESD protection
circuit; a gate over the device region; a source region in the
device region having a N+ implant and a P+ implant laterally
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separated on a first side of the gate; and a drain region 1n the
device region on a second side of the gate, opposite the first.

Aspects of the present disclosure include an edge of the
P+ implant 1s aligned on an edge of the gate and a length of
the P+ implant comprises a length of 50 nanometer (nm) to
500 nm. Other aspects include another N+ implant, wherein
an edge of each N+ implant 1s aligned with an opposite edge
ol the source region and the P+ implant is laterally separated
therebetween. Another aspects includes a low-voltage p-well
(LVPW) formed 1n the device region prior to a formation of
cach of the N+ and P+ implants and wherein the N+ and P+
implants and a portion of the another N+ implant are in the
LVPW. Additional aspects include the separation between
the P+ mmplant and each N+ implant 1s 80 nm to 100 nm.
Further aspects include a length of the P+ implant between
cach N+ implant having a length of 400 nm to 500 nm. Other
aspects 1nclude the ESD protection circuit including a
LDMOS transistor, GGNMOS transistor, or BCD transistor.

Yet other aspects mclude a grounded pad formed over the
source region. Further aspects include the drain region
including N+ implant.

Another aspect of the present disclosure 1s a method
including: providing a substrate having a device region with
an ESD protection circuit; forming a gate over the device
region; forming a source region 1n the device region having
a N+ implant and a P+ implant laterally separated on a first
side of the gate; and forming a drain region in the device
region on a second side of the gate, opposite the first.

Aspects include forming the P+ immplant with an edge
aligned on an edge of the gate and with a length of 50 nm
to 500 nm. Other aspects include forming another N+
implant 1n the source region, wherein an edge of each N+
implant 1s aligned with an opposite edge of the source region
and the P+ mmplant 1s laterally separated therebetween.
Additional aspects include forming a LVPW 1n the device
region prior to a formation of each of the N+ and P+
implants and wherein the N+ and P+ implants and a portion
of the another N+ implant are formed 1n the LVPW. Other
aspects include forming the P+ implant and each N+ implant
80 nm to 100 nm apart. Further aspects include forming the
P+ mmplant between each N+ implant with a length of 400
nm to S00 nm. Yet other aspects include the ESD protection
circuit including a LDMOS transistor, GGNMOS transistor,
or BCD transistor. Other aspects include forming a grounded
pad over the source region. Another aspect includes implant-
ing the drain region with a N+ dopant.

Yet other aspects include a device having a substrate
including a device region with an ESD protection circuit; a
gate over the device region; a source region having an
embedded N+ implant on opposite sides of the source region
and a P+ implant with a length 400 nm to 500 nm 1n the
device region under a grounded pad on a first side of the
gate, wherein the P+ implant i1s separated from each N+
region by 80 nm to 100 nm; and a N+ drain region in the
device region on a second side of the gate, opposite the first.

Aspects 1nclude the ESD protection circuit including a
LDMOS transistor, GGNMOS transistor, or BCD transistor.

Additional aspects and technical eflects of the present
disclosure will become readily apparent to those skilled 1n
the art from the following detailed description wherein
embodiments of the present disclosure are described simply
by way of 1llustration of the best mode contemplated to carry
out the present disclosure. As will be realized, the present
disclosure 1s capable of other and different embodiments,
and 1ts several details are capable of modifications 1n various
obvious respects, all without departing from the present
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disclosure. Accordingly, the drawings and description are to
be regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s illustrated by way of example,
and not by way of limitation, in the figures of the accom-
panying drawing and 1n which like reference numerals refer
to similar elements and 1n which:

FIG. 1 schematically illustrates, in cross section, a MOS
transistor with an ESD circuit, 1n accordance with an exem-
plary embodiment;

FIG. 2 schematically illustrates operational circuitry of
the MOS transistor of FIG. 1, 1n accordance with an exem-
plary embodiment;

FI1G. 3 schematically illustrates, 1n cross section, a portion
of a MOS transistor with an ESD circuit, in accordance with
another exemplary embodiment; and

FIG. 4 schematically 1llustrates, in cross section, a MOS
transistor with an ESD circuit, in accordance with yet
another exemplary embodiment.

DETAILED DESCRIPTION

In the following description, for the purposes ol expla-
nation, numerous specific details are set forth 1n order to
provide a thorough understanding of exemplary embodi-
ments. It should be apparent, however, that exemplary
embodiments may be practiced without these specific details
or with an equivalent arrangement. In other instances, well-
known structures and devices are shown 1n block diagram
form 1n order to avoid unnecessarily obscuring exemplary
embodiments. In addition, unless otherwise indicated, all
numbers expressing quantities, ratios, and numerical prop-
erties of 1ngredients, reaction conditions, and so forth used
in the specification and claims are to be understood as being
modified 1n all mstances by the term “about.”

The present disclosure addresses and solves the current
problem of ineflicient modulation of V, and V,; in LDMOS,
GGNMOS, or BCD transistors within an ESD design win-
dow. In accordance with embodiments of the present dis-
closure, a P+ implant 1s embedded 1n a source region and
spaced away from the N+ implant in the source region. This
design allows for eflicient modulation of V; and V,; without
area or current density penalties. The spacing of the P+
implant allows for the formation of a gradual junction and
reduces the total P+ implant dose in the source region. The
P+ implant slightly increases the base resistance compared
to conventional process that have the P+ implant abutting,
the N+ source implant.

Still other aspects, features, and technical effects will be
readily apparent to those skilled in this art from the follow-
ing detailed description, wherein preferred embodiments are
shown and described, simply by way of illustration of the
best mode contemplated. The disclosure 1s capable of other
and different embodiments, and its several details are
capable of modifications 1n various obvious respects.
Accordingly, the drawings and description are to be regarded
as 1llustrative 1n nature, and not as restrictive.

FIG. 1 schematically illustrates a MOS transistor with an
ESD circuit 1s 1llustrated 1n cross section, 1n accordance with
an exemplary embodiment. The device region 100 includes
an ESD protection circuit. The ESD protection circuit, in one
embodiment, 1s a LD transistor. The ESD protection circuit
can be a LDMOS transistor, GGNMOS transistor, or BCD
transistor. Substrate 101 1s a semiconductor substrate such as
a silicon substrate. In one embodiment, the substrate 101
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may be a p-type doped substrate. For example, the p-type
doped substrate 1s a lightly p-type doped substrate. Other
types of semiconductor substrates, including those doped
with other types of dopants or concentrations or undoped,
may also be usetul. The substrate 101 may be formed, e.g.,
of silicon germanium, germanium, galllum arsenide, or a

crystal-on-insulator (COI) such as silicon-on-insulator
(SOI). Shallow trench 1solation (STI) regions 103 are
formed 1n the substrate 101. The STI regions 103 extend to
a depth of 4000 angstrom (A) in substrate 101.

A gate 1035 1s disposed on the surface of the substrate 101
in the device region. The gate 105 includes a gate electrode
disposed over a gate dielectric (not shown for illustrative
convenience). The gate electrode may be polysilicon. Other
materials may also be useful. As for the gate dielectric, 1t
may be silicon oxide. Other gate dielectric materials may
also be usetul. The gate 105 may be a gate conductor which
forms gates of multiple transistors.

A first side of gate 105 includes the source region 107 and
a second side of the gate 105 includes the drain region 109.
Source region 107 in the device region includes N+ implants
113 and a P+ implant 115 laterally separated from the N+
implants 113. The lateral separation (d) between the P+
implant 115 and each N+ implant 113 1s 80 nm to 100 nm.
A length of the P+ implant 115 between each N+ implant 113
1s 400 nm to 500 nm. In this embodiment, an edge of each
N+ mmplant 113 1s aligned with an opposite edge of the
source region 107 and the P+ implant 115 1s laterally
separated therebetween. A grounded pad 117 1s formed over
the source region 107 and a high voltage p-well 119 1s
formed below 1t. The lateral separation of the P+ implant 115
embedded 1n the source region 107 and spaced away from
the N+ implant 113 allows for eflicient adjustment of V,; and
V,.

The drain region 109 includes an N+ implant 121 above
an n-well 123 and below the electrical pad 125. A deep
n-well 127 1s formed below the p-well 119 and n-well 123.
Additional P+ implants 129 and N+ implant 131 are formed
between STI regions 103 and a grounded pad 133 1s formed
adjacent to the grounded pad 117. P+ dopants may include
boron (B), aluminum (Al), indium (In) or a combination
thereof, while N+ dopants may include phosphorus (P),
arsenic (As), antimony (Sb) or a combination thereof.

Adverting to FIG. 2, the principle underlying the opera-
tion of the MOS transistor with an ESD circuit of FIG. 1 1s
illustrated. First, the addition of the P+ implant 115 and
lateral spacing d significantly reduces bulk resistance (Rz)
as calculated by resistance R 5, 201//resistance R 5, 203. The
lateral separation of the P+ implant 115 embedded 1n the
source region 107 and spaced away from the N+ implant 113
also for a constant bulk current (1) (generated by avalanche
of Dramn-Body) and, therefore, a reduction of the voltage
that falls between the base and emitter of a bipolar junction
transistor (V z-); a reduction of P-4 an increase of V,, and
V,; the lateral spacing d allows for control of RB, Vtl and
Vh to meet design window targets; and the spacing of the P+
implant 115 provides a more gradual doping profile and the
total concentration of P+ 1n the source region 107 can be
adjusted with lateral spacing d and controls R.

FIG. 3 schematically 1llustrates, 1n cross section, a portion
of the MOS transistor with an ESD circuit of FIG. 1, 1n
accordance with another exemplary embodiment. The MOS
transistor of FIG. 3 1s 1dentical to the MOS transistor of FIG.
1, except 1n this instance, the P+ implant 115 1s self-aligned
on the edge of gate 105 and there 1s only one N+ implant 113
in the source region 107. In addition, whereas the P+ 115 of
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FIG. 1 has a length, e.g., of 400 nm to 500 nm, 1n this
embodiment, the P+ implant 1135 has a length of 50 nm to
500 nm.

FIG. 3 schematically 1llustrates, 1n cross section, a portion
of the MOS transistor with an ESD circuit of FIG. 1, 1n
accordance with another exemplary embodiment. The MOS
transistor of FIG. 4 1s identical to the MOS transistor of FIG.
1, except 1n this mstance, a LVPW 401 formed 1n the device
region prior to a formation of the N+ implants 113 and P+
implant 115. Consequently, an N+ implant 113, the P+
implant 115 and a portion of the other N+ implant 113 are
formed in the LVPW 401. Similar to FIGS. 1 and 3, the
separation between the P+ implant 115 and an N+ implant
113 1s 80 nm to 100 nm. In this instance, the lateral

separation di represents a distance of 50 nm to 500 between
the edge of the LVPW 401 and the edge of the N+ implant

not within the LVPW 401

The embodiments of the present disclosure can achieve
several technical eflects, including ethicient control of V
and V, to meet ESD targets (design window) by manipula-
tion of the lateral separation d parameter without requiring,
additional masks. Other technical eflects include mainte-
nance ol a reverse protection capability (body-drain diode)
and current density/area (no area penalty) as well achieving
tight dispersion (stable with process). The present disclosure
enjoys industrial applicability 1n any of various industrial
applications, e.g., microprocessors, smart phones, mobile
phones, cellular handsets, set-top boxes, DVD recorders and
players, automotive navigation, printers and peripherals,
networking and telecom equipment, gaming systems, digital
cameras, power conversion applications, power manage-
ment, analog data acqusition and power actuators. The
present disclosure therefore enjoys industrial applicability in
any of various types ol high voltage semiconductor devices
including ESD circuits.

In the preceding description, the present disclosure i1s
described with reference to specifically exemplary embodi-
ments thereof. It will, however, be evident that various
modifications and changes may be made thereto without
departing from the broader spirit and scope of the present
disclosure, as set forth in the claims. The specification and
drawings are, accordingly, to be regarded as illustrative and
not as restrictive. It 1s understood that the present disclosure
1s capable of using various other combinations and embodi-
ments and 1s capable of any changes or modifications within
the scope of the mventive concept as expressed herein.

What 1s claimed 1s:

1. A device comprising:

a substrate including a device region with an electrostatic
discharge (ESD) protection circuit;

a gate over the device region;
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a source region 1n the device region having a n-type (N+)
implant and a p-type (P+) implant laterally separated on
a first side of the gate;

a drain region 1n the device region on a second side of the
gate, opposite the first;

another N+ implant, wherein an edge of each N+ implant
1s aligned with an opposite edge of the source region
and the P+ implant 1s laterally separated therebetween;
and

a low-voltage p-well (LVPW) formed 1n the device region
prior to a formation of each of the N+ and P+ implants
and wherein the N+ and P+ implants and a portion of
the another N+ implant are in the LVPW.

2. The device according to claim 1, wherein an edge of the

P+ mmplant 1s aligned on an edge of the gate.

3. The device according to claim 1, wherein the separation
between the P+ implant and each N+ implant comprises 80
nm to 100 nm.

4. The device according to claim 1, wheremn the ESD
protection circuit comprises a lateral diflusion metal oxide
semiconductor (LDMOS) transistor, gate grounded N-chan-
nel metal oxide semiconductor (GGNMOS) transistor, or
BCD transistor.

5. The device according to claim 1, further comprising a
grounded pad formed over the source region.

6. The device according to claim 1, wheremn the drain
region comprises N+ 1mplant.

7. A device comprising:

a substrate including a device region with an electrostatic

discharge (ESD) protection circuit;

a gate over the device region;

a source region having an embedded n-type (N+) implant
on opposite sides of the source region and a p-type (P+)
implant in the device region under a grounded pad on
a first side of the gate, wherein the P+ mmplant is
separated from each N+ region by 80 nm to 100 nm;

a N+ drain region in the device region on a second side of
the gate, opposite the first

another N+ implant, wherein an edge of each N+ implant
1s aligned with an opposite edge of the source region
and the P+ implant 1s laterally separated therebetween;
and

a low-voltage p-well (LVPW) formed 1n the device region
prior to a formation of each of the N+ and P+ implants
and wherein the N+ and P+ implants and a portion of
the another N+ implant are in the LVPW.

8. The device according to claim 7, wherein the ESD
protection circuit comprises a lateral diflusion metal oxide
semiconductor (LDMOS) transistor, gate grounded N-chan-
nel metal oxide semiconductor (GGNMOS) transistor, or
BCD transistor.
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